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engine. In another specific exemplary implementation, the
system includes two parallel reduction paths each including

METHOD AND APPARATUS FOR
REGENERATING ANTROGEN OXDES
ABSORBER

a burner, a DPF, and a NOx absorber. The exhaust stream

FIELD OF THE DISCLOSURE

The present disclosure relates to exhaust emission reduc
tion systems for diesel engine exhaust streams, and, more
particularly, to emission reduction systems having a nitrogen
oxides (NOx) reduction component.

10

BACKGROUND

Diesel engine combustion exhaust includes various emis
sions, such as carbon dioxide, carbon monoxide, unburned

hydrocarbons, NOx, and particulate matter (PM). Increas
ingly, environmental regulations call for emissions controls
to aggressively lower diesel exhaust emission levels for
NOx and PM. These standards include, for example, EURO
4 (2005) and EURO 5 (2008) and U.S. Year 2004 and U.S.
Phased 2007-2010 Emissions Limit Standards. Regulations
are increasingly limiting the amount of NOX that can be
emitted during a specific drive cycle, such as the FTP
(Federal Test Procedure) in the United States or the MVEG
(Mobile Vehicle Emission Group) in Europe.
One of the ways known in the art to remove NO, from
diesel engine exhaust gas is by catalyst reduction. The
catalyst reduction method essentially includes passing the
exhaust gas over a catalyst bed in the presence of a reducing
gas to convert the NOX into nitrogen. For example, known
emission reduction systems include systems for Supplying
fuel oil as hydrocarbon (HC) reductant or ammonia provided
in the form of urea, either of which are injected into the
exhaust gas upstream of the NOx catalyst.
Another way to remove NO, from diesel exhaust gas is by
use of a NO, absorber catalyst. In this case, NO, is trapped
in the absorber catalyst as the exhaust gas stream passes
therethrough. Over time, the absorber catalyst may become
saturated with NO. To alleviate such a condition, the
absorber catalyst is periodically regenerated to remove the
NO from the absorber catalyst by converting the trapped to
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DPF.
35

In the case of an emission reduction system that includes
two parallel reduction paths while one reduction path is
being regenerated, the other path is available for reducing
emissions in the engine exhaust stream.
BRIEF DESCRIPTION OF THE DRAWINGS

40

NO. to nitrogen.

Diesel particulate filters (DPF) for the removal of PM
from a diesel engine exhaust stream have been proven
effective to remove carbon soot. A widely used DPF is the
wall flow filter which filters the diesel exhaust by capturing
the particulate material on the porous walls of the filter body.

may be selectively directed to one of the reduction paths
while the other path is regenerating.
In certain implementations, the emission reduction system
may be configured to include an aggregate box for receiving
the exhaust stream and high-temperature valves for selec
tively directing portions of the exhaust stream from the
aggregate box through the reduction path and the bypass
path. The reduction path includes the diesel fuel fired burner,
the DPF, and the NOx absorber. The bypass path may simply
include an exhaust pipe for advancing the exhaust stream.
The exhaust streams passing through the reduction path and
the bypass path may be re-joined and thereafter directed
through a muffler and exhaust pipe. A controller controls the
burner and the valves. The system may be operated in a
reducing mode in which Substantially the entire exhaust
stream is directed through the reduction path components
and the burner is not operating or is minimally operating.
Additionally, in the reducing mode, the DPF removes PM
and the NOx absorber traps NOx emissions from the exhaust
stream. In order to regenerate the NOx absorber, the con
troller periodically operates the system in a regenerating
mode by controlling the valves to redirect a large portion of
the exhaust stream through the bypass path and operating the
burner at a highly enrichened fuel-to-air mixture, thereby
producing excessive CO and H for regenerating the NOx
absorber. Additionally, the controller may also periodically
operate the burner at a normal mixture setting and a high
temperature which regenerates the DPF by providing a
temperature suitable for incineration of PM trapped in the

45

FIG. 1 is an assembly view of an exhaust emission
reduction system for use with a diesel engine of a vehicle,
FIG. 2 is a plan view of a first exemplary embodiment of
the exhaust emission reduction system of FIG. 1; and
FIG. 3 is a plan view of a second exemplary embodiment
of the exhaust emission reduction system of FIG. 1.
DETAILED DESCRIPTION OF THE DRAWINGS

SUMMARY OF THE DISCLOSURE
50

According to one aspect of the disclosure, an exhaust
emission reduction system for reducing exhaust stream
emissions produced by a diesel engine includes a NOX
absorber, a diesel fuel fired burner, and a diesel particulate
filter (DPF). The NOx absorber absorbs substances attrib
utable to diesel fuel sulfur content and oxides of nitrogen.
The burner operates at a high fuel-to-air ratio that provides
a large quantity of CO and H to the exhaust stream, thereby
regenerating and increasing the capacity of the NOX
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absorber.
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In a specific exemplary implementation, the exhaust emis
sion reduction system includes a bypass path through which
most of the exhaust stream may be redirected during peri
odic firing of the burner and regeneration of the NOx
absorber. Additionally, the DPF is disposed in the exhaust

65

stream between the burner and NOx absorber to remove

particulate matter (PM) produced by the burner and diesel

A vehicle 10, shown in FIG. 1, is powered by a diesel
engine (not shown) and includes an exhaust emission reduc
tion system 20 for removing nitrogen oxides (NOx) and
particulate matter (PM) from a diesel exhaust stream as
shown in FIG. 2. The emission reduction system 20 gener
ally includes an aggregate box junction 24, a reduction path
26, a bypass path 28, an exit junction 30, a muffler 32, and
an exhaust pipe 34. The aggregate box junction 24 receives
an exhaust stream 22 and is coupled to the reduction path 26
and the bypass path 28, which are parallel paths for trans
mitting the exhaust stream 22. A two-way high temperature
valve 38 controls a first stream portion 42 of the exhaust
stream 22 flowing into the reduction path 26. A two-way
high temperature valve 40 controls a second stream portion
44 of the exhaust stream 22 flowing into the bypass path 28.
The reduction path 26 and the bypass path 28 are also joined
at an exit junction 30 which is coupled to the muffler32. The
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exhaust pipe 34 is coupled to the muffler 32 and vents a
processed exhaust stream 36 to the atmosphere.
The reduction path 26 includes components for reducing
emissions contained in the first stream portion 42. The
reduction path 26 includes a diesel fuel fired burner 46, a
diesel particulate filter (DPF) 48, and a NOx absorber 50,
illustratively in that order relative to the flow of the first
stream portion 42. Additionally, the reduction path 26 or the
exit junction 30 may include a diesel oxidation catalyst
(DOC) (not shown).
The NOx absorber 50 includes at least one catalyst
absorber (not shown) that converts engine exhaust NOx into
nitrogen. Such catalysts may include, for example, potas
sium or barium-based catalyst Supported by a ceramic or
metallic substrate. To recharge the NOx absorber 50 when it
is nearing capacity, CO and H are added to the first stream
portion 42 and are carried into the NOx absorber 50 to
desorb and regenerate the absorber. The CO and H are
produced by combustion of diesel fuel in the burner 46.
Additional NOx absorbers may also be included in the
reduction path 26 in parallel or in series with the NOx
absorber 50. Exemplary NOx absorbers may be, for
example, NOx absorbers manufactured by Engelhard Cor
poration of Iselin, N.J., and Johnson Matthey of London,
England.
The DPF 48 includes a filter structure (not shown) for
trapping and combusting diesel exhaust PM. Such as carbon
Soot. The filter structure may be, for example, a porous
ceramic forming a plurality of end-plugged honeycomb
structures that are efficient at removing carbon soot from the
exhaust of diesel engines. The filter structure may also
include a catalyst that provides ignition and incineration of
carbon soot at a lower temperature range. The DPF 48 may
be, for example, a filter manufactured by Corning Incorpo
rated of Corning, N.Y. The DPF 48 may also be embodied
as any of the filters described in U.S. Pat. No. 6,464,744.
The diesel fuel fired burner 46 receives a supply of diesel
fuel at a Supply line 52 and is capable of increasing the
temperature of the first stream portion 42 of the exhaust of
a diesel engine. The products of combustion of diesel fuel in
the burner 46 include CO, H, and soot. CO and H act as
reducing compounds for removal of nitrogen oxides from
the absorber 50, exhausting the nitrogen as N, thereby
regenerating the absorber to trap additional NOX. If the
burner 52 is operated at an enrichened setting, i.e., the
fuel-to-air ratio is increased beyond that used for peak heat
production and/or efficient combustion, the burner produces
significant quantities of CO and H which are then carried by
the first stream portion 42 into the NOx absorber 50. Any
soot produced by the burner 46 is trapped by the DPF 48
before the exhaust stream portion 42 reaches the NOx

4
may provide 50 to 100 seconds, or more or less, depending
on the capacity of the NOx absorber 50 and the volume of
the emissions of exhaust stream 22.

10

therefore around the burner 46, the DPF 48, and the NOx
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absorber 50. In an exemplary implementation, approxi
mately 70% of the exhaust stream 22 flows through the
bypass path 28 during the regeneration mode. The controller
also operates the burner 46 at a very rich fuel-to-air mixture,
thus producing significant quantities of CO and H2 in the
exhaust stream portion 42 that is provided to the NOx
absorber 50 for regenerating, i.e., restoring the capacity of
the absorber catalyst. The DPF 48 traps any soot generated
by operating the burner 46 at a rich mixture. The regenera
tion mode may continue for approximately 20 seconds but
may last from 10 to 30 seconds, or more or less depending
on the quantities of CO and H, the temperature of the
exhaust stream 22, and the characteristics of NOx absorber
SO.

30
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absorber 50.

The exhaust emission reduction system 20 includes a
control device (not shown) for controlling actuation of the
valves 38 and 40 and the burner 46. During operation of
emission reduction system 20 in a reduction mode, the valve
38 is positioned in an open position thereby allowing the
stream portion 42 of the exhaust stream 22 to flow into the
reduction path 26, and the valve 40 is positioned in the
closed position thereby reducing the second stream portion
44 of the exhaust stream 22 to substantially no flow. Addi
tionally in the reduction mode, the burner 46 is off or in a
reduced operating setting, the DPF 48 traps PM contained in
the exhaust stream portion 42, and the NOx absorber 50
traps NOX. The reduction mode of emission reduction
system 20 may provide approximately 60 to 90 seconds of
emission reduction before regeneration is necessary, but

The emission reduction system 20 is operated in a regen
eration mode to regenerate the NOx absorber 50. To do so,
the controller switches the valve 38 to a closed position,
substantially reducing the first stream portion 42 of the
exhaust stream 22 flowing through the reduction path 26.
The controller also switches the valve 40 to an open posi
tion, Substantially increasing the second stream portion 44 of
the exhaust stream 22 flowing through the bypass 28 and
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The exhaust emission reduction system 20 will repeatedly
cycle between the reduction and regeneration modes during
operation of the diesel engine. Additionally, the DPF filter
46 may require periodic regeneration, for example, every
two to four hours of operation, in order to more fully
combust and remove soot trapped by the DPF 48.
The burner 46 may also be operated by the controller to
raise the temperature of the first exhaust stream portion 42
entering the DPF 48 to a range of 600° to 650° C., but less
than a temperature causing damage to the filter structure
within the DPF 48, for example, less than 1000°C., perhaps
less than 900° C. If a catalytic treated DPF is used, regen
eration of the DPF 48 may only require elevating the
temperature of the first stream portion 42 to between 300° to
350° C. Elevation of the temperature of the first stream
portion 42 to more than 500° C. 600° C. provides desulfation
(i.e., SO, removal), and therefore regeneration, of the NOx
absorber 50. Desulfation frees absorbed substances, prima
rily sulfur, from absorber storage sites and therefore restores
capacity of the NOx absorber 50.
Referring to FIG. 3, a second exemplary embodiment of
an exhaust emission reduction system 100 generally
includes an aggregate box junction 102, a first reduction path
104, a second reduction path 106, an exit junction 108, a
DOC 110, a muffler 112, and an exhaust pipe 114. The first
reduction path 104 and the second reduction path 106 are
parallel paths for the exhaust stream 22 and receive a first
exhaust stream portion 116, controlled by a valve 118, and
a second exhaust stream 120, controlled by a valve 122.
Each reduction path 104 and 106 may include the same
emission reduction components as the reduction path 26 of
the emission reduction system 20, namely a diesel fuel fired
burner 124 and 126, a DPF 128 and 130, and a NOx absorber

60
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132 and 134. Each of these components of the first reduction
path 104 and the second reduction path 106 may operate as
described in regard to the reduction path 26 of the emission
reduction system 20.
Because the emission reduction system 100 includes two
parallel reduction paths, one reduction path (104 or 106) can
receive and reduce emissions of the exhaust stream 22 while

the other path is being regenerated. For example, the valve
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118 may be positioned in its open position and the valve 122
positioned in its closed position. In Such a case, the first
stream portion 116 includes substantially all of the exhaust
stream 22 and the burner 128, the DPF 128, the NOx

absorber 132, and the DOC 110 create a processed exhaust
stream 140 which has reduced levels of NOx, PM, and HC.

While the first reduction path 104 is in the reduction mode,
the second path 106 may be regenerating, as described above
in regard to the exhaust emission reduction system 20.
The diesel oxidation catalyst (DOC) 110 receives the first
and second exhaust stream portions 42 and 44 and reduces
unburned HC and CO present in the exhaust stream. The
DOC 110 catalyzes the oxidation of unburned HC and CO.
Such a device is available from ArvinMeritor, Inc. of Troy,
Mich. The muffler 112 and the exhaust pipe 114 provide
engine exhaust noise reduction and directing of the pro
cessed exhaust stream 140 into the atmosphere.
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The invention claimed is:

1. A diesel exhaust system comprising:
a first reduction path having (i) a first diesel fuel fired
burner operated to introduce at least one of CO and H
into an exhaust stream, and (ii) a first emissions reduc
tion component positioned downstream of the first
burner, the first emissions reduction component being
configured to be regenerated by CO and H in the
exhaust stream, and

6
a second reduction path having (i) a second diesel fuel
fired burner operated to introduce at least one of CO
and H into an exhaust stream; (ii) a second emission
reduction component positioned downstream of the
second burner, the second emissions reduction compo
nent being configured to be regenerated by CO and H
in the exhaust stream; and (iii) at least one valve
operable to selectively direct portions of the exhaust
stream between the first and the second reduction paths.
2. The system of claim 1, wherein the first emission
reduction component includes a catalytic NOx absorber.
3. The system of claim 2, wherein the first burner is
periodically operated at a fuel-to-air mixture providing
increased production of at least one of CO or H.
4. The system of claim 2, further comprising a particulate
filter disposed in the exhaust stream between the first burner
and the NO, absorber.
5. The system of claim 4, wherein the first burner is
operable to heat the exhaust stream to a temperature suffi
cient for at least one of incinerating a Substantial portion of
the particulates trapped by the filter or removing SO, from
the NOx absorber.

6. The system of claim 1, wherein the first and the second
emissions reduction components include NOx absorbers.
25
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